Mexico aims at the description of the surface energy balance of a desert grassland ecosystem. A large volume of both field and remote sensing data has been collected from 1995 to 1998. Airborne Daedalus scanner data with a spatial resolution of 4 rn have been used to infer the following land surface characteristics: surface temperature, albedo, and normalized difference vegetation index (NDVI). These land surface characteristics can be used as input for land surface models. However, land surface models work with very coarse grid cells of at least 50 x 50 km, in contrast to high-resolution remote sensing data. Also, land surface models are generally based on nonlinear algorithms. Both restrictions lead to scale problems. One apparent question is how to scale up input remote sensing data to the much coarser resolution of the land surface model. The first step is to derive the length scale of the input land surface characteristics. The length scales of the land surface characteristics have been determined with the following two techniques: autocorrelation and wavelet analysis. Within the Jornada Experimental Range, three different sites with different vegetation characteristics were distinguished: grass, shrub, and a transition site with patches of both grass and shrub. The autocorrelation and wavelet analysis showed similar results for the shrub site. For the grass and transition site the wavelet analysis underestimated the length scale of the surface albedo and temperature. The length scale of the surface albedo was 35, 33, and 10 rn for grass, transition, and shrub sites, respectively. The length scale of the surface temperature was 31, 20, and 8 rn for grass, transition, and shrub sites, respectively. The length scale of the NDVI was 12, 6, and 5 rn for grass, transition, and shrub sites, respectively. These small length scales could hamper the use of low-resolution remote sensing data for deriving input data for land surface models.
Introduction
The Jornada Experiment carried out at the U.S. Department of Agriculture Agricultural Research Service (ARS) Jornada Experimental Range in southern New Mexico aims at the description of the surface energy balance of a desert grassland ecosystem ]. A large volume of both field and remote sensing data has been collected from 1995 to 1998. Collected remote sensing data consist of visible and thermal infrared imagery, video imagery, and laser profiler data. These data are being used to infer land surface characteristics such as surface temperature, albedo, vegetation indices, and roughness. These land surface characteristics can be used as input for land surface models coupled with atmospheric models.
Atmospheric models are three-dimensional models describing the transport of momentum, water, and heat in the atmosphere. Within an atmospheric model the surface of the Earth is divided into coarse grid cells, whereas the atmosphere is divided into several layers with variable height. In the lowest layer the interaction between atmosphere and surface is modeled. This part is usually referred to as the land surface model (LSM). A LSM describes the exchange of heat, water, and momentum between the atmosphere and the land surface, that is, the surface energy balance. The surface energy balance describes the partitioning of net radiation (Q*) into soil heat flux (Go), sensible heat flux (H), and latent heat flux (AE). The processes described in the LSM vary over smaller length scales than the large-scale atmospheric circulation patterns.
Still atmospheric models work with very coarse grid cells of at least 50 x 50 km. Remote sensing data typically have a spatial resolution much smaller than 50 x 50 km. In addition to the scale discrepancy, surface energy balance models are generally based on nonlinear algorithms, which amplifies the scale problem. Therefore high-resolution input data derived from one remote sensor will not necessarily give the same results as low-resolution input data derived from another remote sensor when being used in the same land surface model. is larger than the length scale, the variability present in the landscape will not be fully captured. Errors will be introduced if low-resolution data will be used as input in nonlinear land surface models. High-resolution (-•4 m) airborne remote sensing data will be used to derive length scales for surface albedo, surface temperature, and NDVI for three study sites within the Jornada Experimental Range using autocorrelation and wavelet techniques. The Daedalus surface temperature was corrected using information supplied by NASA Ames. Calibration data were obtained during flight from two blackbody sources, which were viewed during every mirror scan. The first (cool) blackbody is left to float at ambient temperature. The second (warm) blackbody was maintained at a higher temperature than the cool blackbody and was set depending on the desired scene temperature range. For both blackbodies the equivalent Planck radiances were calculated. Using the digital counts for both blackbodies, a linear relationship between Planck radiance and digital count was established. This relationship was used to calculate the Planck radiance for each pixel. Inverting the Planck equation gives the brightness temperature for the whole scene. The range of the temperature for the whole scene is 300-330K (27-57øC). 
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Tools for Length-Scale Analysis
Two methods were used to infer length scales of land surface characteristics from remote sensing data: autocorrelation analysis and wavelet analysis.
Autocorrelation Analysis
The autocorrelation function p(r) is a measure of the correlation of a spatial variable u with itself and is defined as 
In this study the integration is terminated at the first zero crossing of the correlogram. Within image analysis the correlogram has to be calculated for a two-dimensional (2-D) environment. Not only is p(r) dependent on the lag, but p(r) is also dependent on the direction. The results can be plotted in a correlogram surface, where for each lag and direction p(r) is given. Compared to a onedimensional correlogram, the number of observation pairs increases dramatically and makes computation of the correlogram surface extremely computer intensive. In order to speed up the process, a procedure based on fast Fourier transform was used to calculate the 2-D correlogram.
Wavelet Analysis
Wavelet analysis is a relatively new tool in geophysics [Kumar and Foufola-Georgiou, 1997; Katul and Parlange, 1995] . In this study a discrete wavelet transform (DWT) will be used to decompose the data set into an equally large set of wavelet coefficients. Each wavelet coefficient corresponds with a wavelet ½ of scale level j and position k. The decomposition of a data set into wavelet and scaling function coefficients is called a multiresolution analysis [Mallat, 1989] . For the analysis of remote sensing data the multiresolution should be performed for a 2-D environment. As a consequence, the DWT will work in three different directions: vertical, horizontal, and diagonal.
In this study the Haar wavelet [Haar, 1910] 
Results
The length-scale analysis has been performed on the surface albedo, surface temperature, and NDVI imagery derived from the Daedalus data. The shrub site shows similar length scales for the surface temperature and NDVI. The mosaic of dunes and bare soil areas together with the shade seem to be the most important characteristics, which govern the spatial patterns of surface temperature and NDVI at this site. However, at the transition and the grass site the integral length scale of the NDVI is much smaller than the integral length scale of the surface albedo. One explanation for this is that there is no linear relationship between the surface albedo and NDVI at these sites. This is illustrated in Figure 5 where a scatterplot of surface albedo and NDVI for the grass site is given. Especially at the lower surface albedo values, the range of NDVI values is quite large. The black grama in the image is represented by the low surface albedo and low NDVI values. A different vegetation type with the same surface albedo value but with higher NDVI values is also present in the landscape, representing a healthier type of vegetation. These two types of vegetation do not exist in separate plant communities but are interspersed. Therefore the NDVI has a larger spatial variability compared with the surface albedo, leading to a smaller integral length scale. With regard to the integral length scale of the NDVI images the difference between the three sites is not so apparent. For all three sites, there seems to be only small integral length scale. For the grass site, 50% of the dominant integral length scale is less than 10 m, whereas for the shrub and transition site the 50% of the integral length scale is less than 5 m. There is almost no variability in the integral length scales for the NDVI, except for a small part of the grass site.
Wavelet Analysis
With the wavelet analysis a similar approach as with the autocorrelation analysis has been taken. The moving window method is used with the same window size (128 x 128 pixels) and the same step size (16 pixels In Table 1 The advantage of the autocorrelation analysis is that the length scale can be defined more precisely, while the wavelet transform is bound to discrete intervals. This problem can be solved by using a continuous wavelet transform and will be the subject of another study.
The Daedalus imagery was chosen for studying length scales Another point of interest is the different length scale found for the three land surface characteristics for the grass and transition sites. This has consequences for using surface temperature, surface albedo, and NDVI derived for the grass site and transition site as input data in a physical model. Combining these data will always introduce an error merely because of the fact that the length scales of these land surface characteristics are not equal. For the shrub site the problem does not exist. The mosaic of dunes and bare soil together with the shade are the most important characteristics which govern the spatial patterns of surface albedo, temperature, and NDVI.
